Secretion proteins from larval salivar glands of Drosophila melanogaster were analyzed with acrylamide gel electrophoresis. Four fractions were found; three showed electrophoretic variants in different wild-type stocks. Crossbreeding and cytogenetic techniques were used to localize the genes responsible for the two main fractions: The gene for fraction 3 was found to lie within a segment of the third chromosome which includes section 68C; the gene fo'r fraction 4, Sgs-4, was found to lie within section 3C8-3D1 of the X chromosome (1 -3-5). The puffs within these sections of the giant chromosomes are active before and during secretion synthesis and become inactive as secretion synthesis ceases. Larvae of one wild-type stock which lack protein fraction 4 do not exhibit any puffing in 3C. The relative amount of protein 4 in the salivary secretion shows a marked dependence on the dosage of the Sgs-4 gene in both duplication and deficiency genotypes. The active site within puff 3C11-12 apparently contains the structural gene for protein 4.
stocks. Crossbreeding and cytogenetic techniques were used to localize the genes responsible for the two main fractions: The gene for fraction 3 was found to lie within a segment of the third chromosome which includes section 68C; the gene fo'r fraction 4, Sgs-4, was found to lie within section 3C8-3D1 of the X chromosome (1 -3-5) . The puffs within these sections of the giant chromosomes are active before and during secretion synthesis and become inactive as secretion synthesis ceases. Larvae of one wild-type stock which lack protein fraction 4 do not exhibit any puffing in 3C. The relative amount of protein 4 in the salivary secretion shows a marked dependence on the dosage of the Sgs-4 gene in both duplication and deficiency genotypes. The active site within puff 3C11-12 apparently contains the structural gene for protein 4. A direct correlation between chromosomal sites which are transcriptionally active and activities in the cytoplasm has been established for puffs of the Balbiani ring type in the giant chromosomes of the salivary glands of Chironomus (1) (2) (3) and Acricotopus (4) . In Drosophila melanogaster until now only indirect evidence suggesting the existence of such a relationship has been available (5-7). In the work on Drosophila melanogaster to be reported here we have now been able to obtain direct evidence of a cytogenetic nature indicating the location of the genes responsible for certain secretion proteins in individual salivary gland chromosome puffs. Furthermore, the effect of changes in dosage of one of the genes involved has been investigated. MATERIAL (5) y w spl cv f, X chromosome markers which were used for recombination analysis. The salivary gland chromosome locus of w is at 3C2; that of spl, at 3C7; and that of cv, between 4F1-2 -5D1-2. (6) Df(1)N8/dl-49, y Hw m2g4. In the X chromosome carrying Notch-S the section from 3C1 through 3D6-E1 is lacking. The chromosome is kept balanced with the inversion chromosome In(l )delta-49, marked with y HW m2g4. (7) Df(l )N264-105/FM1, y3id_ sctswalzsB. The X chromosome carrying Notch264 105 lacks the section from 3C6-7 through 3D2-3. The inversion chromosome In(l )First Multiple is marked with y3ldSc8WalZsB. Df(1)scJ4R. All females carry attached X chromosomes and in addition they can carry the free duplication Dp(l;f)z9 of the X chromosome, i.e., section lAl through 3E7-F1;19-20. The males of this stock have an X chromosome with the deficiency Df(1 )SCJ4R, i.e., the section lB to 3A3-C2. The deficiency is compensated by the duplication Dp(lf)z9. (10) Cy/Pm;CxD/Sb. Both second chromosomes carry inversions; one is marked with Cy and one with Pm. One third chromosome carries an inversion and is marked with CxD; the other third chromosome has the normal structure and is marked with Sb.
For more information on the genetic markers and their respective salivary chromosome sections see ref. 8 . Linkage data for some X chromosome markers are given in Fig. 4 .
Preparation of the Salivary Glands and Their Chromosomes. The glands of late third instar larvae and of young prepupae were dissected in Ringer's solution, washed, and subsequently fixed in ethanol/glacial acetic acid (3:1). The gland secretion, which became hard and opaque during fixation ( Fig. 1 ) was dissected out with needles. Secretion masses were placed in small incubation tubes, 10 per tube, then vacuum dried and stored at -20°. The technique used for preparing chromosome slides and autoradiographs has been described earlier (9) .
Acrylamide-Gel-Electrophoresis. Gland and secretion proteins were reduced for 60 min at room temperature with 0.01 M dithiothreitol (DTT; Cleland's Reagent; Sigma) at pH 8.0 and subsequently were alkylated with ethylenimine [2.5% (vol/vol); Schuchardt] for 30 min at room temperature. The reduced and alkylated proteins were separated electrophoretically in 7% acrylamide disc gels, 5 mm in diameter. A modification of Grossbach's method (2) was used for preparing the gels. After electrophoresis the gels were stained with 0.25% Coomassie Brilliant Blue (R250; Serva) in 7% acetic acid and destained in 10% methanol + 7% acetic acid. The destained gels were measured at 590 nm with the Gilford spectrophotometer 240.
RESULTS
The main function of the larval salivary glands in Drosophila melanogaster appears to be the synthesis and extrusion of the mucopolysaccharide-containing secretion, which as it hardens, attaches the pupa case to a substrate. Ultrastructural (10, 11) and electrophoretic investigations have shown that saliva begins to be formed about the middle of the third larval instar. The extrusion of the secretion into the gland lumen begins about three hours before puparium formation.
After puparium formation only a few secretion granules remain in the cytoplasm of the salivary gland cells (12) . The Oregon stock apparently has a mixture of autosomes, some carrying the gene for protein la, and some carrying the gene for lb. Therefore, it has not yet been possible to assign the genes responsible for these proteins to specific chromosomes.
Recombination analysis
The gene responsible for protein 3 For a more precise localization of the protein 4 gene the deficiency Df(1 )N264-105 covering the section 3C6-7 through 3D2-3 was used. It was found that this deficient chromosome also lacks the gene for protein 4. Considering that the gene lies to the right of spl (Fig. 4) gene. As soon as the salivary gland chromosomes in the young larva have reached the degree of polyteny that allows specific chromosome sites to be identified, this particular site is already active. This means that it must be active 5-6 hr before the appearance of the secretion proteins. The puff becomes inactive when the ecdysone-inducible puffs in sections 2B, 74EF and 75B appear (13, 14) and secretion synthesis decreases. The puff in SC is the only one covered by the deficiencies Df(l )N8 and Df(l )N264-105. It contains only one active site ( Fig. 5a and b) ; it originates from chromosome band SC11 or 3C12. This active chromosome site apparently contains the active gene for protein 4. Another puff which shows a positive correlation of activity with secretion synthesis lies within section 68C of the third chromosome (13), i.e., between 66D2 (left limit of the hairy locus) and 72E5 (right limit of the thread locus). This section apparently contains the gene for protein 3.
The effect of different gene doses of section 3C on the synthesis of secretion protein 4 Since the gene for protein 4 is located on the X chromosome, normal females have two doses of this gene, whereas normal males have only one dose. As a rule X chromosome genes in males and females of Drosophila give almost the same phenotype in spite of the two different doses (15, 16) . This phenomenon was named dosage compensation by Muller (15) .
A test was made in order to find out whether the two sexes synthesized different amounts of protein 4. The Berlin stock was used, and the relative amount of protein 4 was determined by using the quotient (Q4/3) of the absorption units for proteins 4 and 3. These in turn were ascertained planimetrically from the curves of absorbance. This quotient was 0.38 I 0.04 (n = 26 electrophoreses) for wild-type males and was 0.44 0.08 (n = 49) for females, i.e., the gene dose for protein 4 within section SC shows dosage compensation in males. The quotient Q4/3 for males with one dose was about 86% that of the female value, i.e., about 14% less than might be expected.
Further tests were made on animals with abnormal doses of section SC (Fig. 6 ). When the dose in females was decreased from two to one by means of the deficiency Df(l)N8 (Fig. 5d) , the quotient Q4/3 was 0.24 b 0.02, that is, about 55% of the normal value. Thus there was practically no dosage compensation in deficiency females. When the dose in females was increased from two to three the quotient Q4/3 was 0.60 i 0.07 (n = 6), about 136% of the normal value, i.e., about 14% less than might be expected.
When the dose in males was increased from one to two by means of the duplication Dp(l;f)z9 the quotient was 0.62 + 0.08 (n = 19) , that is 163% of the normal value, about 37% less than might be expected. If the premise is correct that the protein of fraction 3 is synthesized in equal amounts in both the wild-type and mutant animals we have used, then the results can be summarized as follows: (a) Wild-type males show dosage compensation for the synthesis of protein 4 (Fig. 6) 4 synthesis when the gene dosage is increased from two to three in duplication females and from one to two in duplication males.
DISCUSSION
In this paper evidence is presented for a direct correspondence between the presence of certain chromosome puffs and the presence of specific secretion proteins in the larval salivary glands of Drosophila melanogaster. The nature of this relationship must be discussed in the light of the following main findings: (1) Since the genetic localization data are concerned with electrophoretic variants, we must be dealing with the structural genes for the protein fractions studied. The observations, in the case of protein 4, on dosage effects and dosage compensation corroborate this conclusion. and SC, respectively, both of which include a conspicuous puff site at the time of secretion synthesis. In fact, the puffs are active at least 5 hr before the first appearance of secretion proteins. They become inactivated before the end of the third larval instar as the synthesis of secretion protein ceases. In section SC a puff reappears during prepupal development (13), but no protein 4 was found at that stage. This apparent inconsistency will be discussed elsewhere.
While the presumed correlation between puff 68C and secretion fraction 3, though plausible, must remain tentative for lack of more precise localization data and of other supporting evidence, a much better case can be made for the postulated relation between puff SC and fraction 4. First of all, the localization in this case has been almost narrowed down to the puff site (3C11/12) itself. In addition, a wildtype stock (Hikone-R) has recently been discovered which lacks protein 4 and which does not exhibit any puffing in region SC.
As pointed out above, the relative amount of protein fraction 4 present in the salivary secretion shows a marked dependence on gene dosage (Fig. 6 ). This is most clearly seen in females heterozygously deficient for section SC, where the relative content of fraction 4 is reduced to 55% of the wild-type level, and in duplication females with three 3C sections where the level of protein 4 is raised to 136% of the wild type. In normal males, as would be expected in the case of X chromosome genes, there is dosage compensation. This compensation is not complete. In duplication males carrying two SC sections the protein 4 level is increased to 163% of the wild type. The deviations of the dosage effects found in duplication females and males-136 from the expected 150% and 163 from the expected 200-might be explained as follows: (1) The dosage effect may be incomplete at the transcriptional level. This was indicated in earlier studies using other duplicated chromosome sections (9 
